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FOREWORD 


The  flipht  testinp  of  the  experimental  model  of  the  Radar  Set 
Group  OA-2003( XN-1)/ASB  was  conducted  at  the  U.  S,  Naval  Ordnance 
Test  Station,  China  Lake,  California,  to  evaluate  the  enp,ineerinp, 
desipn  and  the  performance  characteristics  of  this  special  radar 
set  that  had  been  developed  as  a  component  of  the  Bomb  Uirectinp  Set 
AN/ASB-8,  The  evaluation  of  the  experimental  model  of  the  radar  led 
to  desipn  improvements  in  the  developmental  model. 

This  evaluation  was  carried  out  in  1959  and  1960  under  Bureau 
of  Naval  Weapons  Task  Assignment  RAV  32N001/261-1/F008-02-002. 

This  report  has  been  reviewed  for  technical  accuracy  by 
Edwin  r.  Park  and  John  H,  Gregory. 
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INTRODUCTION 


The  Radar  Set  Group  OA-2003/ASBj  desif^ed  to  perform  search,  bomb- 
ini^ — navipation,  and  terrain-clearance  functions,  was  developed  specifi¬ 
cally  for  use  in  high-performance  attack  aircraft  as  a  component  of  the 
Bomb  Directing  Set  AN/ASB-8.  It  was  developed  for  the  Bureau  of  Naval 
Weapons  by  Stavid  Engineering,  Inc.,  Plainfield,  New  Jersey,  under  U.  S, 
Naval  Ordnance  Test  Station  (NOTS)  contract  N123(60530)11890A,  of  27 
March  1957,  The  contract  originally  required  the  delivery  of  an  experi¬ 
mental  model  within  16  months,  a  developmental  model  within  24  months, 
and  a  production  prototype  within  30  months  of  the  contract  date.  Owing 
to  extreme  delays  in  development,  the  contract  was  later  amended  to 
require  only  the  first  two  models. 

The  experimental  model  of  the  Radar  Set  Group  0A-2003()(N-1)/ASB 
was  delivered  to  NOTS  on  17  July  1959  for  evaluation.  The  flight -test 
program  in  a  P2V-4  aircraft  began  in  November  1959  and  continued  through 
July  I960,  Bench  tests  were  conducted  prior  to  the  aircraft  installa¬ 
tion. 


The  Radar  Set  Group  OA-2003/ASB  (Fig,  1,  2,  3,  and  4)  is  a  four- 
horn  monopulse  Ky-band  radar,  tunable  over  the  range  of  16  to  17  giga- 
cycles  (gc),  with  a  rated  peak  power  output  of  60  kilowatts  (kw).  The 
four-gimbaled  antenna  is  stabilized  in  roll  and  pitch  to  the  vertical; 
in  azimuth  to  the  aircraft  datum  line  (ADL),  the  aircraft  drift  angle, 
or  the  horizontal  line  of  sight  (U)S);  and  in  elevation  to  the  angle  of 
attack,  the  horizontal,  or  the  elevation  LOS.  The  radiated  beam  is 
either  pencil  or  fan  shaped  (cosecant-squared)  in  the  vertical  plane, 
and  pencil  shaped  in  the  horizontal  plane. 

The  radar  set  was  designed  to  fulfill  the  forward-looking  radar 
functions  of  the  Bomb  Directing  Set  AN/ASB-8.  It  was  developed  to  pro¬ 
vide  an  all-operational  altitude,  all-weather  capability  for  navigation 
and  bombing  in  heavy-attack  aircraft  and  was  designed  to  fit  the  nose 
of  a  typical  high-performance  jet  aircraft  (particularly  the  A3J-1), 
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FIG.  1.  Radar  Set  Group  0A'>2003/ASB,  Rear  View  of  Antenna 
Showing  Microwave  Section  and  Preamplifiers. 
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riG«  2«  Antenna  With  Spoiler  in  Fan-Beam  Position 
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FIG«  3*  Antenna  With  Spoiler  in  Pencil-Beam  Position 
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FIG.  4.  Radar  Set  Group  0A-20037ASB  Block  Diagram 
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A  feature  of  this  radar  Is  Improved  resolution  in  both  azimuth  and 
elevation  which  is  achieved  by  comparing  appropriate  combinations  of 
the  components  of  the  radar  return,  thereby  developing  sharp,  direction- 
sensitive  nulls  in  the  reception  pattern.  This  monopulse  resolution 
improvement  (MRI)  technique  is  used  to  formulate  the  precise  data  re¬ 
quired  for  accurate  tracking  and  for  better  target  identification  during 
bombing— navigation  and  terrain-clearance  operations. 

Antijamming  features  such  as  tunability,  radar  silence,  and  special 
receiver  design  are  incorporated.  Letdown  and  low-altitude  penetration 
capabilities  are  provided  by  the  terrain-clearance  function. 


GENERAL  PERFORMANCE 

The  experimental  model  of  the  radar  set  was  to  demonstrate  the 
feasibility  of  design  in  meeting  specified  operational  requirements  im¬ 
posed  upon  it.  This  model  was  built  for  flight  testing,  but  it  was  not 
Intended  to  meet  the  weight,  size,  or  shape  requirements  of  any  particu¬ 
lar  type  of  aircraft.  Consequently,  the  scope  of  the  flight-test  program 
was  to  evaluate  the  performance  of  the  radar  against  the  specified  design 
requirements.  These  include  search  and  mapping,  ranging,  resolution, 
target  recognition,  suitability  of  displays,  terrain  clearance,  "track- 
while-scan"  operation,  reliability,  and  ease  of  maintenance. 

For  the  flight-test  program,  the  bombing— navigation  computer  func¬ 
tions  were  supplied  from  the  Bombing  Data  Computer  CP-209/ASB-7 ,  and  the 
vertical  reference  information  from  the  Displacement  Gyroscope  CN-lOO/ASB-1. 
Since  the  radar  set  required  an  analog  two-speed  synchro  slant-range  data 
input  from  the  computer  and  1:1  pitch  and  roll  synchro  inputs  from  the 
vertical  gyro,  servo  transformation  of  the  available  output  data  was  re¬ 
quired.  As  Fig.  4  shows,  the  servo  repeater  unit  transformed  the  slant- 
range  digital  output  of  the  CP-209  and  the  2:1  pitch  and  roll  outputs  of 
the  CN-100  to  those  required  by  the  radar.  The  relative  bearing  output 
of  the  CP-2U9  did  not  require  change.  Drift-angle  and  angle-of-attack 
data  were  not  fuiviished  from  aircraft  sensors }  therefore,  synchro  zero- 
reference  transformers  were  applied  to  these  radar  inputs. 

The  data  recording  instrumentation  employed  in  the  test  program 
(not  shown  in  Fig.  4)  consisted  of  a  servo  repeater,  a  demodulator  and 
oscillograph  on  the  radar  depression-angle  output,  a  Beattie  Varitron 
70-mm  pulsed  camera  and  optical  periscope  assembly  on  the  navigator's 
indicator,  and  an  oscilloscope  to  observe  signal  returns  and  test  points. 

Initial  flight  tests  were  to  establish  search  and  mapping  perform¬ 
ance  characteristics.  The  results  indicated  a  serious  loss  in  long-range 
sensitivity  when  the  radar  was  switched  from  narrow-pulse  to  wide-pulse 
operation. 
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After  a  time,  the  loss  of  sensitivity  was  si^nif icantly  improved  by  ' 
a  redesijjn  of  the  band-pass  filter  network  in  the  receivers.  Following 
the  receiver  corrections,  search  operations  to  the  desipn  p,oal  of  120 
nautical  miles  (n,  mi.)  were  achieved  in  pencil-beam  operation  a(?ainst 
hard  tarpets;  fan-beam  operation  resulted  in  ranp,es  to  60  n,  mi.  (Fip, 

5).  There  was  approximately  a  6-decibel  (db)  difference  in  antenna  pain 
between  pencil-beam  and  fan-beam  operation  (Tip,  5).  Fipure  6  also  il¬ 
lustrates  the  difference  in  antenna  pain. 

The  antenna  assembly  desipn  and  performance  proved  very  p,ood,  except 
for  the  hiph  loss  in  gain  between  fan  and  pencil  beam,  the  azimuth  drive 
gearing,  and  the  azimuth  scan  system.  On  the  antenna  drive  assembly,  the 
gearing  mechanisms  were  not  strong  enough  for  continued  operation,  and 
the  antenna  drive  motors  were  not  adequate  for  the  rapid  scanning  rates 
required  in  hiph-perf ormance  aircraft.  The  four-channel  microwave  por¬ 
tion,  the  preamplifiers,  the  automatic  frequency  control  (AFC),  and  the 
local  oscillator  proved  reliable  and  adequate. 

The  presentation  displayed  on  the  navigator's  indicator,  convention¬ 
al  cathode-ray  tube  (CRT),  showed  a  combination  of  video  distortion, 
400-cycle  noise,  inadequate  contrast,  and  initially  insufficient  gain  to 
permit  the  display  of  receiver  noise  (Fig.  7,  B,  17,  18,  and  31).  Figure 
9  illustrates  the  undesirable  characteristics  of  noise  in  the  display 
when  sufficient  gain  was  provided  and  the  variation  in  the  noise  level 
with  the  change  in  pulse  repetition  frequency  (PRF),  The  video  distor¬ 
tion  and  the  noise  problems  were  largely  associated  with  poor  grounds  and 
inadequate  shielding,  of  the  wiring  within  the  indicator.  The  noise  prob¬ 
lem  was  never  completely  eliminated,  but  was  improved  in  time.  The 
inadequate  contrast  and  receiver  noise  problems  were  found  to  have  been 
caused  by  the  video  processing,  circuit  where  the  video,  markers,  and  the 
unblanking  pedestal  were  mixed,  and  were  attributed  to  poor  direct-current 
(d.c.)  restoration.  In  time,  the  contractor  provided  a  newly  designed 
circuit  that  greatly  improved  the  problem  (Fig.  10,  11,  12,  15,  16,  19, 
and  20). 

It  was  evident  from  the  outset  that  MRI  operation  in  azimuth  was 
totally  inadequate.  This  was  considered  the  major  design  deficiency  of 
the  radar  set.  The  trouble  was  pinpointed  to  the  sum  (Z)  and  difference 
(A)  video  processing  circuits.  Throughout  the  flight-test  program,  con¬ 
siderable  effort  was  expended  by  both  NOTS  and  contractor  personnel  in 
designing,  suitable  circuitry  to  achieve  the  desired  results.  A  circuit 
design  that  could  adequately  improve  resolution  in  azimuth  could  not  be 
made  compatible  with  the  receiver  as  designed.  Figures  10,  11,  12,  15, 

16,  23,  24,  25,  and  26  show  various  MRI  displays. 

The  direct-view  storage  tube  display  was  very  poor  from  the  stand¬ 
point  of  search  and  mapping,  and  navigation.  Its  only  use,  therefore, 
was  for  a  profile  display  (C-scan)  for  terrain-clearance  operation.  The 
recording  storage  tube  was  never  put  into  operation  because  of  lack  of 
time. 
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The  transmitter-modulator  operation  and  performance  were  very  pood. 
Magnetron  reliability  and  life  were  excellent.  The  synchronizer  seemed 
overly  complex  and  consequently  was  difficult  to  ali(?,n  and  to  keep  alip^ed* 
The  marker  (venerator  output  was  switched  from  1-microsecond  (/isecTto 
3^isec  markers  for  lonq-ranf;>e  operation  and  was  decidedly  undesirable. 

Because  of  the  poor  performance  of  the  radar  durinp  the  search  and 
mapping  flight-test  phase  and  the  time  required  to  correct  the  problems 
mentioned  above »  the  scope  of  the  flight-test  program  was  never  fulfilled. 
Sufficient  time  was  not  available  to  adequately  evaluate  the  performance 
of  the  radar  in  terrain-clearance  and  track-while-scan  operational  or  its 
capability  in  all  mapping  functions.  Accuracy  of  the  radar,  particularly 
in  the  Bombing— Navigation  (Fix)  mode,  was  not  determined. 

The  series  of  eight  photographs  in  Fig.  20  is  presented  to  illustrate 
the  display  of  the  radar  in  the  Bombing — Navigation  mode,  unexpended,  dur¬ 
ing  a  run-in  on  Treasure  Island  in  the  San  Francisco  Bay  area.  The  radar 
cross  hairs  were  laid  on  the  island  target  at  approximately  14  n.  mi. 

(Fig.  20c),  and  tracking  is  represented  to  5  n.  mi.  (Fig.  20c,  d,  e,  f,  g, 
and  h). 

A  total  of  28  flights  was  made.  The  target  areas  included  San  Diego, 
Los  Angeles,  San  Francisco,  and  Death  Valley.  All  flights  were  at  10,000 
feet  mean  sea  level  (m.s.l.)  with  the  exception  of  Flights  11  and  12. 

Figure  30  is  indicative  of  the  results  of  Flight  12  at  20,000  feet. 

The  results  of  the  flight  tests  are  described  in  the  following  sec¬ 
tion  of  this  report.  Table  1  is  a  flight  record  of  each  flight,  detailing 
performance  and  post-flight  maintenance.  Appendix  A  describes  the  modes 
of  operation  of  the  radar,  and  Appendix  B  contains  a  functional  descrip¬ 
tion  of  the  equipment. 
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(a)  Fan  b«am*  (b)  Pencil  beam. 

FIG.  5,  120-Mile  Displays  Showing  Difference  in  Antenna  Gain.  San  Luis 
Obispo  area,  heading  90  degrees;  20-mile  markers,  wide  pulse. 


(a)  Fan  beam,  (b)  Pencil  beam. 

FIG.  6.  Displays  Showing  Difference  in  Antenna  Gain  Between  Wlde-Pulse 
Pencil-Beam  and  Fan-Beam  Operation.  Los  Angeles  area,  looking  south 
toward  coastline,  heading  225  degrees;  20-mile  markers. 
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(a)  Narrow  pulse.  (b)  Wide  pulse. 

FIG.  7.  Comparison  of  Short-Range  Narrow-Pulse  and  Wide-Pulse  Displays ^ 
Mothball  Fleet,  San  Suisun  Bay.  Fan  beam;  5-mile  markers;  note  distor¬ 
tion  in  wide-pulse  display. 


(a)  Narrow  pulse.  (b)  Wide  pulse. 


FIG.  8.  Comparison  of  Short-Range  Narrow-Pulse  and  Wide-Pulse  Displays, 
San  Francisco  Area.  Fan  beam;  S-mile  markers;  note  distortion  in  both 
displays. 
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(a)  Over  La  Jolla,  loolcinp  south  (b)  Over  La  Jolla,  looking  north; 
to  San  Diego;  5-inile  markers;  10-mile  markers;  wide  pulse; 

narrow  pulse;  pencil  beam.  fan  beam. 

FIG.  9.  Displays  Showing  Undesirable  Characteristics  of  Receiver  Noise. 


(a)  2  only.  (b)  MRI. 


FIG.  10.  Comparison  of  2  Only  and  MRI  Operation,  San  Francisco  Bay 
Bridge.  Note  improvement  of  distortion. 
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FIG*  11.  MRI  Displays,  Naval  Air  Facility,  China  Lake.  Narrow  pulse; 
pencil  beam;  5-mile  markers. 


(a)  Zonly.  (b)  MRI. 

FIG.  12.  Comparison  of  £  Only  and  MRI  Operation,  Los  Anf;eles  Area 
(Lonp  Beach).  Narrow  pulse;  fan  beam;  S-mile  markers. 
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(a)  2  only.  (b)  HRI. 

FIG.  15,  Comparison  of  £  Only  and  MRI  Operation,  Mothball  Fleet,  San 
Suisun  Bay,  Pencil  beam;  5-mile  markers.  Note  improvement  of  distortion. 


(a)  2  only.  (b)  MRI. 

FIG,  16,  Comparison  of  2  Only  and  MRI  Operation,  San  Francisco  Area, 
Showing  Golden  Gate  Bridge,  Bay  Bridge,  Richmond— San  Rafael  Bridge. 
Pencil  beam;  5-mile  markers.  Note  improvement  of  distortion. 
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(b)  Wide  pulse;  10-mile  markers.  (c)  Narrow  pulse;  5-mile  markers. 
FIG.  17,  Displays  Showing  Distortion,  San  Francisco  Area.  Fan  beam. 
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(a)  Narrow  pulse.  (b)  Expanded  display;  narrow  pulse. 

FIG.  18.  Displays  Showin;;  Distortion,  Mothball  Fleet,  San  Suisun  Bay. 


(a)  San  Diego^North  Island  area.  (b)  Los  Angeles  area,  showing 

street  pattern. 


FIG.  19.  Displays  Showing  Improvement  of  Distortion.  Narrow  pulse; 
pencil  beam. 
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(a)  21-mile  ranp.e. 


(b)  15-mile  range. 


(c)  14-mile  range.  (d)  12-mile  range. 


riG.  20,  Bombing— Navigation  Mode,  Unexpanded  Display;  San  Francisco  Bay 
Bridge  and  Treasure  Island.  Narrow  pulse;  fan  beam;  ranges  are  from  air¬ 
craft  to  Treasure  Island. 
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(e)  10-mile  rariRe. 


(f)  8-mile  ranpe. 


(r)  6-mile  range.  (h)  5-mile  range. 

FIG,  20  (Contd^.  Bombing— Navigation  Mode,  Unexpanded  Display;  San  Francisco 
Bay  Bridge  and  Treasure  Island,  Narrow  pulse;  fan  beam;  ranges  are  from  air¬ 
craft  to  Treasure  Island, 
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FIG.  21.  Radar  Target,  Los  Angeles  Area,  Including  Long  Beach. 
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FIG.  22.  Radar  Target,  San  Diego  Area 
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PCRPORMANCC  AND  MODIFICATIONS 


ANTENNA  ASSEMBLY 

Late  in  the  flipht-test  prop.ram  the  antenna  lost  pitch  stabilization 
because  of  a  broken  lead  in  the  bottom  limit  switch,  necessitatinp  removal 
from  the  aircraft  for  repair  in  the  laboratory.  Vihilc  this  was  beinp  ac¬ 
complished,  the  bearinps  in  the  azimuth  axis  drive  mechanism  were  found  to 
be  badly  worn.  The  antenna  was  returned  to  Stavid  Lnpineerinp,  where  new 
pears,  as  well  as  new  bearinps,  were  installed.  Normally,  repairs  of  this 
nature  would  not  be  expected  in  equipment  that  had  operated  only  bO  to  BO 
hours  at  the  test  facility.  It  is  believed  that  the  bearinps  were  mechan¬ 
ically  inadequate  and  that  this  had  caused  inordinate  wear  on  the  pears. 

The  breakinp  of  the  azimuth  limit  switches  caused  the  loss  of  scan¬ 
ning  motion  on  several  occasions.  The  switches  were  considered  mechani¬ 
cally  inadequate. 

The  azimuth  drive  motor  burned  out  on  one  occasion  and  was  replaced. 
The  cause  of  the  failure  was  not  determined. 

The  only  modification  made  to  the  antenna  assembly  that  was  incorpo¬ 
rated  in  the  developmental  model  was  the  addition  of  a  manual  tilt  con¬ 
trol.  Since  the  flight  altitudes  ouring  the  testing  phase  were  lower 
than  the  40,000  feet  for  which  the  fan-beam  pattern  was  optimized,  it 
was  necessary  to  tilt  the  reflector  manually  to  evaluate  the  set's  range 
capability.  This  was  accomplished  by  adding  a  differential  synchro  in 
the  depression  axis  servomechanism  of  the  experimental  model. 

The  developmental  model  of  the  radar  has  hydraulic  servomechanisms 
in  the  roll,  pitch,  and  azimuth  axes  instead  of  electronic  servos. 
Hydraulic  systems  have  a  faster  speed  response,  smoother  motion,  and 
more  power  for  a  given  weight.  Improved  performance  is  expected. 


TRANSMITTER— MODULATOR 

The  operation  of  the  transmitter— modulator  was  very  good  except  for 
an  electrical  breakdown  when  unpressurized,  the  only  serious  problem. 

The  transmitter— modulator  was  pressurized  to  18  or  20  pounds  per  square 
inch  absolute  to  prevent  electrical  breakdown  at  high  altitudes}  however, 
unpressurized  operation  was  to  be  expected  during  ground  operatiem.  When 
the  case  was  removed  for  bench  operation,  there  was  severe  arcing  in  the 
high-voltage  power  supply  that  resulted  in  the  loss  of  the  charging  and 
inverse  diodes.  Recurrence  of  the  breakdown  was  prevented  by  rerouting 
high-voltage  leads  and  adding  insulation  where  necessary. 
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The  mapnetron  was  replaced  after  a  normal  operating  period  of  200 
hours.  Only  this  one  replacement  was  necessary  durin;^  the  test  period. 

The  selector  vacuum  switch  in  the  pulse  packape  caused  considerable 
difficulty  by  stickinp,  in  the  narrow-pulse  position,  and  could  be  re¬ 
leased  only  by  striking  a  hard  blow  on  the  case.  The  switch  resumed 
normal  operation  after  the  enerpizinp  solenoid  coil  was  replaced  with 
one  havinp  increased  ampere-turns. 

The  mapnetron  tuninp  drive  motor  used  as  a  208-volt  motor  burned  out 
and  was  replaced.  Durinp  the  buildinp  of  the  developmental  model,  the 
motor  was  found  to  be  rated  at  only  11b  volts.  Operatinp  it  at  208  volts 
had  caused  the  overheatinp  and  eventual  burnout.  Resistors  were  added  to 
the  circuit  to  properly  provide  the  motor  with  its  rated  voltape  in  the 
developmental  model. 


RECEIVER  UNIT 

In  the  oripinal  desipn,  a  band-pass  filter  was  placed  in  series  with 
the  ^  and  A  intermediate  frequency  (IF)  strips  to  chanpe  from  wide-band, 
8-mepacycie  (Me),  to  narrow-band,  3-Mc,  operation.  Instead  of  increased 
sensitivity  in  narrow-band  operation,  which  is  required,  the  use  of  the 
filter  resulted  in  reduced  receiver  sensitivity  because  of  a  4-db  inser¬ 
tion  loss  in  the  filter.  It  was  necessary  to  remove  the  filter  and  to 
replace  it  with  a  tuned  transformer.  One  stape  of  the  pre-IP  was  rede- 
sipned  to  provide  a  different  method  of  switchinp,  and  the  bandwidth  was 
controlled  by  loadinp  one  of  the  two  IF  stapes.  These  chanpes  resulted 
in  full  receiver  pain  durinp  narrow-band  operation. 


Video  Processinp  Unit 


The  video  processinp  unit  was  found  to  be  unsatisfactory  in  that  the 
time  constants  were  too  preat.  The  recovery  time  of  the  circuit  did  not 
permit  passape  of  weak  signal  returns  immediately  after  the  receipt  of 
strong  signals,  so  there  were  blank  areas  on  the  indicators  after  the 
receipt  of  the  strong  echoes.  The  video  processinp  unit  was  eventually 
replaced  with  a  transistorized  version  havinp  shorter  time  constants  and 
therefore  a  more  rapid  recovery  time.  The  replacement  circuit  designed 
by  the  contractor  is  used  in  the  developmental  model. 

As  originally  designed,  the  video  processing  unit  had  very  poor  d.c. 
restoration.  The  level  of  the  unblankinp  pate  varied  inconsistently  with 
the  length  of  the  unblankinp  signal,  which  should  have  had  no  bearing  on 
unblankinp  the  indicators.  The  variations  in  the  d.c.  reference  level 
were  random,  and  were  such  that  noise  could  not  be  displayed  on  the  indi¬ 
cators  under  all  conditions.  The  new  transistorized  version  contained 
additional  clamping  diodes  to  provide  proper  d.c.  restoration. 
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MRI  Unit 


The  MRI  circuit  oripinally  installed  in  the  radar  was  purely  a  sum- 
minp  device  without  provisions  for  d.c.  restoration  or  adequate  clipping, 
and  it  caused  (1)  variations  in  the  baseline  level  and  (2)  large  amounts 
of  noise  from  the  A  channel  to  appear  on  the  navigator's  indicator. 
Several  modifications  were  made  to  the  circuitry,  and  ground-test  results 
are  presented  in  rig.  23,  24,  25,  and  26, 

When  it  became  evident  that  minor  modifications  to  the  Stavid  MRI 
circuitry  (Pip.  23,  24,  and  25)  did  not  result  in  satisfactory  MRI  opera¬ 
tion,  a  circuit  was  tested  that  was  similar  to  that  employed  in  the 
AN/APQ-71  radar  (Pip.  27),  This  circuit  used  resistive  adding  of  the  2 
and  A  receiver  outputs,  followed  by  series  clamping.  Pipure  26  illus¬ 
trates  the  pround-test  results  obtained.  The  2,5-kilohm  (kfi)  potentiom¬ 
eter  (at  A  of  Pip.  27)  was  added  to  adjust  the  relative  proportions  of 
the  voltage  levels  of  the  azimuth  A  and  the  2  signals.  Direct -current 
restoration  was  provided  by  the  10-kQ  potentiometer  (at  B)  that  deter¬ 
mined  the  adjustment  of  the  bias  voltage  level  of  the  diode.  This  cir¬ 
cuit  was  used  for  only  a  few  flights.  It  was  unsatisfactory  because  the 
triple  clamping  arrangement  required  a  high-level  signal,  and  there  was 
insufficient  voltage  from  the  IF  amplifiers  for  efficient  drive  of  the 
circuit. 

The  following  conclusions  were  drawn  from  these  tests! 

1,  Good  MRI  appears  possible  to  ranges  of  about  30  n.  mi.  at 
K^-band  frequencies, 

2,  Good  MRI  requires  more  Again  (video)  than  2  prior  to  addition; 
the  amount  of  A  gain  is  determined  by  the  relation  of  the  radio  fre¬ 
quency  (RF)  A  pattern  to  the  RF  2  pattern, 

3,  Good  MRI  requires  stable  references  for  both  2  and  A  signals 
prior  to  addition  at  the  video  level. 

4,  Good  MRI  requires  base  clipping  of  A  and/or  clipping  of  the  re¬ 
sultant  signal;  the  former  to  remove  excessive  A  noise,  and  the  latter 
to  remove  negative  video. 

5,  The  Stavid  video  processor  cannot  handle  large-amplitude  nega¬ 
tive  signals  without  producing  a  d.c,  shift  in  the  unblanking  level. 

On  2  May  1960,  a  circuit  originally  developed  by  the  Naval  Avionics 
Facility,  Indianapolis  (NAPl)  was  installed  for  testing.  This  circuit 
(Fig.  26)  provided  an  additional  amplification  stage  in  the  azimuth  A 
and  the  2  channels.  It  had  good  amplification  and  better  frequency 
response  than  the  former  circuit,  but  the  bias  level  adjustment  was  too 
critical  and  it  constantly  drifted  out  of  alignment.  The  adjusting 
potenti«neter  was  in  the  nose  of  the  aircraft,  and  therefore  could  not 
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be  chanped  by  the  operator  while  vicwinp  the  indicator.  The  25-kO  poten¬ 
tiometer  was  replaced  by  fixed  resistors  and  a  5-kO  potentiometer,  which 
permitted  a  finer  adjustment  but  did  not  solve  the  initial  problem.  The 
d.c.  bias  level  drifted  beyond  the  ranpe  of  the  b-kfi  potentiometer. 

Some  of  the  presentations  had  better  definition  when  this  circuit 
was  used,  but  because  of  the  drift  inherent  in  the  circuit  desipn,  the 
quality  of  the  presentations  fluctuated  considerably. 

Near  the  close  of  the  flip.ht-test  period,  a  new  circuit  designed'  by 
Stavid  was  installed  in  the  aircraft.  This  one  provided  added  pain  in 
both  channels,  which  improved  the  total  range  of  the  radar  system  and 
therefore  resulted  in  better  definition  of  targets;  however,  the  MRI 
action  did  not  show  significant  improvement  over  that  of  other  circuits 
used  and  there  was  no  increase  in  resolution  (Fig.  10,  11,  12,  lb,  and 
16). 


Two  types  of  false  targets  appeared  when  the  elevation  MRI  cir¬ 
cuitry  was  used  in  the  Terrain  Clearance  mode.  These  are  termed 
"shadows"  and  "wings",  and  examples  are  shown  in  Fig.  32b,  33  and  34. 
Double  targets  were  caused  by  negative  overshoots  in  the  elevation 
video  circuits,  and  wings  were  caused  by  interaction  between  the  sum 
and  elevation  difference  channels.  Figures  3b  and  36  show  the  results 
when  these  effects  were  minimized. 


Receiver  Sensitivity 

On  early  flights,  the  radar  ranpe  was  very  poor.  During  the  first 
flight,  in  pencil-beam  operation  only,  maximum  range  obtained  was  30 
n.  mi.;  during  succeeding  flights  solid  painting  to  40  and  4b  n.  mi.  was 
obtained  in  fan-beam  operation,  and  hard  targets  were  observed  to  100 
n.  mi.  in  pencil-beam  operation. 

Low  receiver  sensitivity  was  believed  to  be  the  cause  of  the  short- 
range  problem,  and  first  efforts  to  increase  it  consisted  of  interchang¬ 
ing  the  IF  amplifiers  to  obtain  the  highest  pain  for  the  Z  channel. 

Later,  these  amplifiers  were  checked  for  the  cause  of  continued  low  pain, 
which  was  a  combination  of  weak  tubes,  poor  tuning  alignment,  and  the 
insertion  loss  of  the  narrow-band  filter. 

Both  the  defective  waveguide  (see  Table  1)  and  the  insertion  loss 
of  the  filter  were  contributing  causes  of  the  low  pain.  Correcting  for 
these  increased  the  pain  by  about  B  db.  The  preamplifiers  were  aligned, 
the  tubes  were  checked  and  circuits  tuned,  and  1N78A  microwave  crystals 
were  replaced  with  lN78Bs  in  the  Z  channel.  As  a  result,  the  receiver 
sensitivity  was  eventually  brought  up  to  the  design  specifications. 
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SYNCHROHIZLR 

The  performance  of  the  synchronizer  was  pood  throuphout  the  flipht- 
test  period,  with  only  a  few  minor  malfunctions, 

Durinp  operation  in  the  Terrain  Clearance  mode,  the  clearance  line 
disappeared  after  havinp  operated  normally  for  the  Hrst  portion  of  one 
of  the  test  fiiphts.  It  was  found  that  there  was  an  open  winding  in  a 
pulse  transformer  and  an  intermittent  short  circuit  in  a  coaxial  cable. 
The  defective  transformer  was  replaced. 

One  flipht  was  aborted  because  of  the  loss  of  ranpe  markers,  caused 
by  a  loose  transistor  in  the  ranpe  marker  penorator. 

A  series  of  fiiphts  was  made  to  test  the  accuracy  of  the  track- 
while-scan  function.  The  results  of  two  representative  fiiphts  are 
shown  in  Pip.  2'Jd  and  b  whiclj  are  plots  of  the  radar's  depression-anple 
readout  error  with  respect  to  the  depression  anple  as  computed  from 
Askania  data.  Cince  tfie  error  increased  as  the  radar  approached  the 
corner  reflector  tarpet,  it  was  assumed  that  the  radar  was  actually 
locked  on  to  a  different  tarpet.  The  dashed  line  represents  the  theo¬ 
retical  error  if  the  radar  had  been  lookinp  at  the  next  tarpet  in  line, 
which  was  2,000  feet  north.  Since  the  curves  seem  to  fit,  the  assumption 
was  probably  correct.  The  error  in  the  depression-anpJe  readout  varies 
randomly  for  both  runs.  The  usciliatiuns  could  have  been  caused  by  in¬ 
stability  in  the  antenna's  pitch  axis,  the  dcprcssion-anple  sorvosystem, 
or  a  combination  of  these. 

Uurinp  ttie  test  proprem,  the  ranpe  scale  value  was  chanped  from 
6,000  feet  per  n.  mi.  to  6,076  feet  per  n.  mi.  for  preater  precision, 
as  the  dcsipn  specification  required  a  ranpinp  accuracy  of  0.1%. 


RLCOROlIlr,  STORAfL  UNIT  AND  INDICATORS 

The  direct-view  storape  tube  performed  satisfactorily  when  in  pood 
adjustment  but  at  best  was  unsuitable  for  all  modes  except  C-scan 
Terrain  Clearance.  Any  chanpe  in  the  pain  sottinps  of  the  radar  receiver 
required  a  readjustment  of  the  controls  on  the  storape  tube.  The  optimum 
performance  settinps  were  very  critical  and  difficult  to  keep  in  adjust¬ 
ment  for  this  reason.  Too  little  video  pain  or  storape  time  resulted  in 
a  complete  loss  of  weak  tarpets  or  a  fadeout  of  the  display,  and  too  much 
p.ain  and  hiph  storape  time  resulted  in  excessive  bloominp.  Since  a  de¬ 
pressed-center  plan  position  indicator  (PPl)  display  was  used  for  mappinp, 
it  would  seem  desirable  to  use  a  time-varyinp  video  pedestal  to  provide 
more  uniform  illumination  over  the  sector  and  to  reduce  bloominp  at  the 
apex. 


The  navip.ator's  indicator  performed  satisfactorily  after  modifi¬ 
cations  to  reduce  noise  pickup  and  video  distortion  were  made  to  the 
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circuitry.  To  eliminate  difficulties  encountered  with  the  presentation, 
insulation  was  added  and  certain  leads  were  rerouted.  These  problems, 
unfortunately,  were  not  adequately  resolved  until  near  the  end  of  the 
flight-testinc  period. 

The  recording  storage  unit  (RSU)  was  not  evaluated  because  of  a 
lack  of  time. 
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(a)  Zonly,  naximum  gain. 


(b)  A  only,  maximum  gain. 


(c)  Maximum  X  gain,  A  adjusted 
for  best  apparent  MRI. 


(d)  MRI  with  sacrifice  of  sensi¬ 
tivity. 


FIG.  23.  Comparison  of  Ground-Test  Displays  Before  Changes  to  MRI 
Circuitry, 
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(a)  Sonly,  maxlrnum  gain. 


(b)  A  only,  maximum  gain. 


(c)  Maximum  Zand  maximum  A.  (d)  Maximum  A,  lower  Zgain. 

FIG.  24.  Comparison  of  Ground-Test  Displays  Following  Addition  of  Series 
Clipper  to  MRI  Circuit.  Note  elimination  of  noise  in  (b)  as  compared 
with  23(b);  note  loss  of  sensitivity  in  (c)  and  (d). 
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(c)  Maximum  £  and  maximum  A.  (d)  Maximum  A,  £  gain  reduced. 

Fin.  25.  Comparison  of  Ground-Test  Displays  Employing  Elevation  MRI  Circuit 
in  Azimuth  With  Series  Clipper.  Note  increase  in  noise  in  (c)  and  loss  of 
sensitivity  and  poor  MRI  in  (d). 
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(a)  Maximum  S. 


(b)  Maximum  A. 


(c)  Maximum  Zand  maximum  A. 


(d)  Maximum  Z  and  maximum  A. 


FIG.  26,  Comparison  of  Ground-Test  Displays  Employinp,  MRI  Replacement 
Circuit  of  Fip,  27,  Note  slipht  improvement  in  sensitivity  in  (d). 
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ASKANIA  DEPRESSION  ANGLE,  DEGREES 


(o)  PlifM  EG,  Run  4. 


ASKANIA  DEPRESSION  ANGLE,  DEGREES 

(b)  Flight  26,  Run  7, 

— -  Actual  radar  depression-an(>ie  error* 

-  Computed  curve  for  tarpet  2,000  feet  north, 

FIG,  29,  Depression-Anple  Readout  Error  Versus  Askanla  Depression  Angle, 
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“Flight  routes  (maps  and  photographs  of  areas  are  shown  in  Fig,  13,  14 ^  21,  and  22) 
SFO,  San  Francisco 
LAX,  Los  Angeles 
SAN ,  San  Diego 
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(a)  22-mile  range.  (b)  13*mlle  range. 


(c)  9*inile  range. 


FIG.  30.  Displays  from  20,000  Feet.  Mothball  fleet;  fan  beam;  narrow 
pulse;  5-mile  markers. 
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FIG.  31.  Terrain  Clearance ,  Ran(^  Height  Indicator.  Five-mile 
markers;  S  only. 


FIG.  32.  Terrain  Clearance,  E.Scan.  Two-mile  markers. 
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FIG.  34,  False  Targets,  "Wings”, 
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(c)  £  only, 

no,  35,  Terrain  Clearance ^  E-Scan;  Death  Valley  Area,  Five-mile 
markers;  note  improvement  in  false  t arret  problem. 
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(c)  Z  only,  (d)  MRI, 

FIC.  36.  Terrain  Clearance,  L-Scan,  Mono  Lake  Area.  Five-mile  markers. 
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FIG,  37,  Control  Panel 
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Appendix  A 
MODES  or  OPERATION 


The  three  major  functions  of  the  Radar  Set  Group  OA-2003/ASB  are 
search,  bombing— navigation,  and  terrain  clearance.  Various  modes  of 
operation  and  combinations  of  these  modes  are  available  to  perform 
these  three  functions  either  semiautomat Ically  or  by  manual  operation. 


SEARCH  MODES 

In  the  Search  (Mapping)  mode  (the  MODE  switch  in  the  MAPPING  (MAP) 
position,  see  Fig.  37),  the  radar  set  searches  to  a  maximum  range  of 
120  n.  ml.  The  antenna  radiates  a  pencil  beam  In  azimuth  with  optional 
MRI,  and  with  Its  spoiler  section  radiates  a  fan  beam  In  the  vertical 
plane . 


Search— Unexpanded  Mode 

For  the  Search— Unexpanded  mode,  the  pulse  width  Is  3.0  ^sec  at  a 
PRF  of  300  pps  (duty  cycle  0,0009).  The  antenna  scans  a  fixed  120-degree 
sector  at  one  look  per  second,  with  the  scan  center  aligned  to  the  ADL, 
Altitude  delay  Is  used  in  conjunction  with  the  depressed-center  PPI  pre¬ 
sentation  so  that  the  display  tube  area  is  used  to  the  best  advantage, 
and  the  sweep  length  can  be  adjusted  from  120  to  10  n.  ml.  The  azimuth 
line  of  the  display  can  be  aligned  with  respect  to  a  specific  target  by 
manually  operating  the  computer  control  stick. 

The  antenna's  center  of  scan  will  track  a  selected  point  of  Interest 
while  In  the  Search— Unexpanded  mode  when  manual  controls  are  used.  After 
the  operator  has  positioned  the  cross  hairs  at  a  chosen  point  by  using 
the  control  stick,  the  antenna's  scan  angle  and  the  degree  of  expansion 
on  the  display  are  manually  adjusted  by  using  the  SECTOR  WIDTH  and  the 
RANGE  SWEEP  dials,  respectively.  The  scan  angle  of  the  antenna  is  varied 
from  ^30  to  i:7.5  degrees,  centered  about  the  LOS.  At  a  point  when  the 
target  is  within  40  n.  ml.,  the  PRESENTATION  switch  Is  turned  to  the 
AIDED  TRACKING  (AID  TCK)  position  to  keep  the  selected  point  of  Interest 
at  the  Intersection  of  the  cross  hairs. 
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Search-Expanded  Mode 


In  the  Search— Expanded  mode  (PRESENTATION  switch  in  EXPAND  posi¬ 
tion),  the  target  previously  selected  in  AIDED  TRACKING  is  tracked  by 
the  antenna  in  azimuth  and  is  kept  centered  in  the  display  automatically. 
The  pulse  width  is  0.25  fisec  at  a  PRF  of  1,200  pps  (duty  cycle  0.0003). 
The  antenna  scans  a  sector  that  is  variable,  inversely  as  a  function  of 
range,  from  60  to  15  degrees  centered  about  the  LOS.  On  the  indicator, 
the  sweep  length  can  be  from  120  to  10  n.  mi.  Both  the  degree  of  expan¬ 
sion  and  the  scan  angle  are  automatically  adjusted  by  the  position  of 
the  range  strobe  line  and  the  RANGE  SWEEP  control  to  allow  for  maximum 
use  of  the  display  tube  area. 


Search— Automatic  Mode 


In  the  Search— Automatic  mode  (the  PRESENTATION  switch  in  the 
AUTOMATIC  (AUTO)  position),  the  antenna  scan  angle  is  fixed  at  15  degrees 
and  the  scan  rate  at  five  looks  per  second.  The  expansion  of  the  display 
increases  gradually  with  decrease  in  range  to  the  target  until  it  reaches 
the  maximum  size  of  the  display,  2.5  miles,  at  10  n.  mi.  range.  The  tar¬ 
get  is  tracked  automatically  by  the  antenna,  and  its  position  is  kept  at 
the  intersection  of  the  cross  hairs  on  the  presentation.  Both  Search- 
Expanded  and  Search— Automatic  modes  are  used  within  a  range  of  45  n.  mi. 


Search— Single  Scan 


For  any  of  the  search  modes,  the  operator  has  a  choice  of  using  a 
continuous-scan  or  a  single-scan  method  of  radiating.  When  the  MODE 
switch  is  at  the  SINGLE  SCAN  (SS)  position,  momentarily  depressing  the 
ACTION  button  causes  the  antenna  to  radiate  during  one  full  scan  and 
then  to  return  automatically  to  the  nonradiating  state.  The  presentation 
is  stored  for  future  use  on  an  indirect-view  storage  tube  in  the  RSU. 

Radar  silence  can  thus  be  maintained,  since  the  stored  presentation  can 
be  redisplayed  at  will  on  the  two  indicator  displays.  This  function  also 
permits  the  pilot  and  the  operator  to  view  separate  displays  simultaneous¬ 
ly.  The  originally  stored  presentation  is  automatically  erased  when  a 
new  scan  is  recorded  in  the  RSU. 


BOMBING- NAVIGATION  MODES 

In  the  Bombing— Navigation  (Fix)  mode  of  operation  (the  MODE  switch 
in  the  FIX  position),  the  pencil  beam  is  used  with  optional  KRI  in  azi¬ 
muth  and  in  elevation.  The  antenna  scan  rate  and  the  sector  width  (to 
60  degrees  maximum)  are  automatically  controlled  by  the  range  to  the 
target  and  the  degree  of  expansion  of  the  display.  In  this  mode,  the 
pulse  width  and  the  PRF  arc  the  same  as  those  in  the  Search— Expanded 
operation;  the  radar  operates  in  this  mode  to  a  maximum  range  of  45  n.  mi. 
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The  antenna  is  initially  positioned  in  elevation  by  the  depression- 
anple  output  of  the  bombinp— navigation  system  computer.  The  LOS  is 
automatically  positioned  in  azimuth  and,  after  beinp  depressed  to  the 
proper  anple  at  the  start  of  the  bombinp— navipation  function,  the  radar 
tracks  in  elevation  while  scanninp  in  azimuth.  As  it  continues  to  track 
the  tarpet,  depression-anple  values  become  a  radar  output  and  are  used 
to  correct  those  in  the  computer. 

In  all  Bombinp— llavipation  (Fix)  modes,  the  DTPRESSION  ANGLE  (DEP 
ANGLE)  indicator  lamp  on  the  control  panel  will  lipht  when  the  ranpe' 
strobe  coincides  with  the  MRl  tarpet  and  is  trackinp  satisfactorily. 

This  sipnal  indicates  to  the  operator  that  the  depression-anple  output  . 
of  the  radar  is  valid  and  can  be  used  for  correctinp  the  depression-anple 
value  in  the  computer.  The  antenna  is  capable  of  trackinp  a  target  in 
elevation  to  the  maximum  antenna  limit  of  -55  degrees,  except  when  limited 
by  aircraft  pitch. 

The  presentation  is  the  depressed-center  PPI  display  with  optional 
altitude  delay. 


Fix— Expanded  Mode 


In  this  mode,  the  presentation  expands  gradually,  with  the  point  of 
interest  automatically  centered  in  the  display.  The  antenna's  scan  angle 
is  automatically  controlled,  lor  maximum  illumination  of  the  target  area, 
by  the  position  of  the  range  strobe  line  and  the  RANGE  SV/EEP  control. 

The  antenna's  scan  angle  will  vary  from  60  to  15  degrees  (depending  on 
range  and  display  expansion)  as  the  scan  rate  varies  from  two  to  five 
looks  per  second. 


Fix— Automatic  Mode 


The  antenna  continues  to  track  in  azimuth  and  in  elevation  in  this 
mode  as  in  the  Fix— Expanded  mode,  and  depression-angle  values  are  cor¬ 
rected  in  the  computer.  The  sector  of  the  antenna  scan  is  fixed  at  15 
degrees,  and  the  display  is  the  same  as  in  the  Search— Automatic  mode. 


Altitude  Set  Mode 

This  mode  (the  MODE  switch  in  the  ALTITUDE  SET  (AS)  position)  is 
used  to  correct  the  computer  altitude  normally  obtained  from  barometric 
data  computation.  The  spoiler  section  of  the  antenna  is  used  to  create 
a  fan  beam  in  the  vertical  plane,  and  the  antenna  is  depressed  to  the 
full  mechanical  limit  of  55  degrees  while  scanning  a  fixed  15-degree 
angle  in  azimuth.  The  range  strobe  line  is  automatically  centered  in 
the  display,  and  the  presentation  is  expanded  about  this  line.  The  con¬ 
trol  stick  is  then  used  to  position  the  range  strobe  line  to  the  first 
g.round  return,  thus  correcting  the  computer's  altitude  value. 
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TERRAIN  CLEARANCE  MODE 

In  the  Terrain  Clearance  mode  (the  MODE  switch  in  thfe  TERRAIN 
CLEARANCE  (TC)  position),  the  radar  antenna  scans  a  25-depree  anple  in 
elevation,  from  +10  deprees  to  -15  deprees  with  respect  to  the  line  of 
flipht  (LOP).  It  can  be  manually  slewed  in  azimuth  to  15  degrees  on 
either  side  of  the  azimuth  reference.  Azimuth  stabilization  to  the 
p,round  track  can  be  selected.  The  scan  rate  is  one  look  per  second, 
and  only  the  pencil  beam  is  used.  MRl  is  employed  in  elevation  for 
beam  sharpening. 

By  setting  the  DISPLAY  switch,  the  operator  may  select  an  E-scan 
or  a  RANGE  HEIGHT  INDICATOR  (Rill)  presentation.  A  fixed  1,000-foot 
clearance  line  is  established  on  the  indicator.  The  display  can  have 
either  a  10-  or  a  2Q-mile  range  scale. 


OTHER  MODES 


Television  Mode 


This  mode  (the  MODE  switch  in  the  TELEVISION  (TV)  position)  was 
intended  to  provide  a  television  display  for  the  operator  while  the 
pilot  was  operating  the  radar  in  the  Terrain  Clearance  mode;  This  mode 
was  not  used  in  testing  the  experimental  model,  since  the  television 
sight  unit  arrived  at  HOTS  too  late  to  be  installed.  The  television 
system  will  be  tested  as  a  part  of  the  evaluation  of  the  developmental 
model. 


Emergency  Mode 

Specifications  required  an  Emergency  mode  of  operation  that  would 
permit  reduced  search  functions  to  be  performed.  The  equipment  that 
arrived  at  HOTS  did  not  offer  this  function. 
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Appendix  B 

FUNCTIONAL  DESCRIPTION  OF  EQUIPMENT 


Radar  Set  Group  0A-2003/ASB  comprises  the  following;  units:  antenna, 
transmitter— modulator,  receiver,  synchronizer,  servo,  control,  and  three 
indicators.  The  functional  description  of  these  units  is  detailed  in  the 
following,  sections. 


ANTENNA  ASSEMBLY 

The  antenna  dish  is  a  16>by>26-l/2-inch  parabolic  reflector  with  a 
hinf’ed  top  section  (the  spoiler)  that  provides  for  a  chanp.e  in  elevation 
beam  pattern  (fig.  1,  2,  and  3).  The  antenna  assembly  is  variably  con¬ 
trolled  in  tilt  by  the  track-while-scan  monopulse  tracking  servomechanism 
or  is  fixed  to  a  reference  in  the  Search  and  Bombinn— Navigation  (Fix) 
modes.  Tilt  is  controlled  by  the  depression  axis  programmer  in  the 
Terrain  Clearance  mode  and  is  fixed  at  -SS  degrees  in  the  Altitude  Set 
mode.  — — — — — 


The  antenna  is  fed  RF  energy  through  the  four-hom  feed,  waveguide, 
and  comparator  sections  that  are  pressurized  and  mounted  on  the  antenna. 
The  beam  pattern  without  the  use  of  the  spoiler  and  with  monopulse  re¬ 
solution  improvement  is  a  pencil  beam  1.8  degrees  in  azimuth  and  3,2 
degrees  in  elevation.  In  the  Search  and  Altitude  Set  inodes  of  operation, 
with  the  spoiler  section  down,  the  beam  pattern  remains  a  pencil  beam  in 
azimuth  but  becomes  a  fan  beam  in  the  vertical  plane.  The  vertical  pat¬ 
tern  is  optimized  for  an  altitude  of  40,000  feet  above  the  terrain. 

The  scan  rates  of  the  antenna  are  controlled  by  the  azimuth  scan 
programmer.  The  rate  for  slow  scan  in  the  Search  mode  is  one  look  per 
second  over  a  120-degree  sector,  and  for  rapid  scan  from  two  to  five 
looks  per  second  over  a  60-  to  IS-degree  sector.  The  scan  rates  are 
controlled  by  the  sector  width  to  provide  for  the  best  illumination  of 
the  target. 

In  all  modes  except  Search  (120-degree  sector)  and  Terrain  Clearance, 
the  center  line  of  the  azimuth  scan  angle  is  stabilized  to  the  relative 
bearing  angle;  for  the  de30-degree  scan  in  the  Search  mode,  the  antenna 
scan  is  referenced  to  the  ADL;  in  Terrain  Clearance,  the  antenna  is  sta¬ 
bilized  in  azimuth  to  the  aircraft  drift  angle,  and  relative  to  this,  the 
antenna  can  be  manually  trained  i:15  degrees  in  azimuth  while  automatically 
scanning  in  elevation;  and,  in  elevation,  the  antenna  is  stabilized  to  the 
angle  of  attack. 
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TRANSMITTER— MODULATOR 

The  transmitter— modulator  (Fig.  38)  consists  of  a  hydrogen  thyra- 
tron  modulator  and  associated  high>voltage  power  supply,  a  magnetron,  a 
dummy  load,  a  ferrite  load  isolator,  and  a  magnetron  tuning  drive.  The 
high-voltage  power  supply  is  a  conventional  d.c.  resonant  charging 
circuit. 

The  magnetron,  a  Litton  L3101,  tunable  over  the  range  of  16.05  to 
16.95  gc,  is  protected  from  detrimental  effects  of  standing  waves  by  a 
ferrite  load  isolator.  The  total  output  from  the  magnetron  through  ihe 
load  isolator  is  60  kw.  Mechanical  tuning  is  provided  for  by  the  magne¬ 
tron  tuning,  drive  motor  at  a  rate  of  125  Mc/sec. 

A  dummy  load  is  provided  as  part  of  the  circuitry;  when  radar 
silence  is  selected,  the  RF  energy  is  directed  into  the  dummy  load. 


FIC.  38.  Transmittei^Modulator. 


RECEIVER 

The  receiver  unit  (Fig.  39)  consists  of  the  components  in  the  an¬ 
tenna  section  and  the  receiver  section,  described  in  the  two  following 
subdivisions.  The  transistorized  power  supply  for  the  receiver,  which 
delivers  all  the  alternating  current  (a.c.)  and  d.c.  voltages  for  the 
receiver,  is  mounted  on  the  receiver  case. 
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FIG.  39.  Receiver. 

ANTENNA  SECTION.  To  restrict  losses  in  signal  strength  caused  by 
waveguide  attenuation  and  multiple  rotary  joints ^  all  microwave  compo¬ 
nents  were  physically  mounted  to  the  rear  of  the  reflector  on  the  eleva¬ 
tion  axis  of  the  antenna  (see  Fig.  1).  This  assembly  consists  of  the 
transmit— receive  (T-R)  duplexer,  the  directional  coupler,  the  klystron 
local  oscillator,  the  balanced  crystal  mixers,  and  four  identical  pre-IF 
amplifiers  having  a  20-db  pain. 

The  comparator  (Fig.  UO)  is  composed  of  two  broad-band  phase  shift¬ 
ers,  two  3-db,  short -slot  hybrids,  two  folded-T  hybrids,  and  a  waveguide 
termination.  Each  phase  shifter  is  composed  of  two  phase-shifting  sec¬ 
tions  which  together  produce  a  total  shift  of  90  degrees  by  providing  a 
35-degree  lead  in  one  section  and  a  55-degree  lag  in  the  other  section. 
In  the  3-db,  short -slot  hybrids,  the  incoming  signals  either  reinforce 
or  cancel  each  other  in  combinations,  to  result  in  a  Z,  an  azimuth  A, 
and  an  elevation  A  signal. 

Through  the  waveguide  transmission  lines,  these  three  signals  are 
sent  to  the  waveguide  assembly.  A  part  of  this  assembly  consists  of  the 
four  balanced  crystal  mixers,  where  three  of  the  modified  signals  are 
independently  heterodyned  with  the  local  oscillator  frequency  to  produce 
three  IF  signals.  The  mixer  crystals  are  protected  during  the  time  the 
transmitter  is  pulsed  by  T-R  tube  assemblies  on  the  waveguide  transmis¬ 
sion  lines.  The  fourth  mixer  receives  a  sample  of  the  magnetron  power, 
extracted  for  the  AFC  circuit  by  the  directional  coupler,  which  is  used 
to  maintain  the  constant  60-Mc  difference  in  frequency  between  the  out¬ 
put  of  the  magnetron  and  that  of  the  local  oscillator. 


CONFIKNTIAL 


57 


NAVWEPS  REPORT  7763 


CONFIDENTIAL 


The  heterodyned  Z,  azimuth  A|  elevation  A •  and  AFC  sif^als  are  am* 
plified  by  four  pre*ir  amplifiers  that  are  part  of  the  assembly  mounted 
on  the  back  of  the  radar  antenna*  The  four  amplifiers  are  identical, 
and  have  a  gain  characteristic  of  10  db,  a  bandwith  of  18  Me,  and  a 
noiae  figure  of  2  db  or' leas* 


FIG*  40,  Comparator  and  Four-Horn  Feed  Assembly, 

RCCCIVCR  SECTION,  The  separate  receiver  portion  consists  of  three 
60-Nc  IF  strips  for  the  Z,  the  azimuth  A,  and  the  elevation  A  signals, 
the  STC,  the  AFC,  the  overload  automatic  gain  control  (OAGC),  the  in¬ 
stantaneous  automatic  gain  control  (lAGC),  the  video  processing  unit, 
and  the  NRl  unit.  For  each  of  the  three  main  signal  channels  there  is 
a  rear  section  preamplifier  between  the  preampliHer  and  postamplifier 
with  a  27-db  gain  characteristic. 

The  post-lF  amplifiers,  located  in  the  receiver  boK.  provide  an  ad¬ 
ditional  gain  of  65  db  before  the  signals  are  processed  in  the  MRI  unit* 


Sensitivity  Time  Control*  The  STC  is  activated  by  the  pretrigger 
pulse  from  the  synchronizer  unit,  and  it  controls  the  receiver  gain  (1) 
before  the  time  of  the  transmitted  pulse  and  (2)  during  the  time  that 
near  radar  returns  are  being  received*  Receiver  gain  is  decreased  ini¬ 
tially  during  the  time  the  transmitter  is  radiating*  The  trailing  edge 
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of  the  pulse  from  the  STC  is  shaped  so  that  the  receiver's  sensitivity 
is  gradually  increased  in  time  as  the  more  distant  echoes , arrive •  The 
STC  pulse  is  applied  to  the  suppressor  control  grid  tube  in  the  pre-IF 
amplifier.  This  pulse  amplitude  and  its  recovery  time  are  independently 
adjustable  by  controls  on  the  radar  control  panel. 

Automatic  Frequency  Control.  Automatic  control  of  the  klystron 
local  oscillator's  frequency  is  accomplished  by  the  AFC  circuitry  com¬ 
posed  of  a  directional  coupler,  a  balanced  crystal  mixer,  a  pre-IF 
amplifier,  a  60-Mc  discriminator,  and  a  servoamplifier  and  motor  to 
tune  the  klystron  local  oscillator. 

The  sampled  transmitter  signal  is  mixed  with  the  local  oscillator 
frequency  in  the  AFC  balanced  crystal  mixer  and  then  amplified  in  the 
pre-IF  amplifier  for  the  AFC  circuitry. 

The  sampled  signal  provided  by  the  directional  coupler  is  60  db 
down  from  the  magnetron  power  output.  The  transmitter  signal  to  the  AFC 
crystal  mixer  is  further  reduced  in  power  by  a  variable  attenuator  in- 
seized  in  a  wall  of  the  waveguide  section.  This  Attenuation  may  be 
varied  from  3  to  20  db. 

The  klystron  is  tuned  electrically  and  mechanically  by  the  60-Mc 
discriminator  circuit  and  servo.  The  discriminator  has  a  vqry  limited 
range  of  10  He,  and  its  lock-on  relay  is  energised  when  the  difference 
frequency  is  65  Me. 

The  frequency  of  the  klystron  can  be  controlled  manually  ±10  He  by 
placing  the  RECEIVER  TUNING  switch  in  the  MANUAL  position.  The  operator 
can  then  use  the  RECEIVER  ‘RJNE  knob,  which  varies  the  voltage  applied  to 
the  klystron  reflector.  When  the  switch  is  returned  to  the  AFC  position, 
a  relay  is  energized  and  the  AFC  returns  to  the  track  mode. 

During  silence  in  Single  Scan  operation,  the  AFC  does  not  receive  a 
sample  of  the  magnetron  frequency ^  when  transmission  is  resumed,  the  cir¬ 
cuit  is  able  to  resume  tracking.  When  the  waveguide  switch  is  in  the 
dummy  load  position,  a  standby  relay  is  energized  that  removes  28  volts 
from  the  servoamplifier  and  prevents  the  servomotor  from  changing  the 
frequency  of  the  klystron  local  oscillator. 

Overload  Automatic  Gain  Control.  The  negative  sum  video  sipial  is 
the  input  to  the  OAGC  circuit,  which  is  provided  to  prevent  receiver 
overloading.  When  the  voltage  level  of  this  video  signal  reaches  a  pre¬ 
viously  defined  level,  near  the  overload  point,  the  circuit  releases  a 
negative  d.c.  output.  This  signal  is  superimposed  on  the  gain  controls 
to  lower  the  gains  of  the  three  post-lF  amplifiers.  This  circuit  was 
disconnected  during  the  testing  program. 
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Instantaneous  Automatic  Gain  Control.  The  sum  amplifier  contains 
an  lAGC  circuit  composed  of  a  detector,  an  amplifier,  and  a  cathode  fol¬ 
lower.  This  circuit  supplies  feedback  to  certain  of  the  IF  amplifier 
stages  and  reduces  the  gain  during  the  time  of  strong  signal  returns. 

All  received  signals  over  a  certain  amplitude  are  reduced  to  improve 
the  dynamic  range  and  provide  an  even  distribution  of  returned  signal 
strengths,  thus  furnishing  better  definition  on  the  scope  presentations. 
The  reduction  of  all  signals  that  are  over  a  certain  level  of  amplifica¬ 
tion  also  provides  a  degree  of  immunity  from  radar  jamming;  otherwise, 
the  long  decay  time  of  a  strong  signal  return  blocks  out  other  true  ' 
target  returns.  The  gain  of  the  elevation  and  azimuth  amplifiers  is 
controlled  by  the  sum  lAGC. 

Video  Processing  Unit.  The  video  processing  unit  (1)  mixes  the 
unblanking  gate  and  the  marker  pulses  and  (2)  combines  these  with  the 
radar  video  to  provide  a  composite  output  for  the  Indicators  and  the  RSU. 

The  circuit  is  a  variable  high-pass  filter  for  signals  above  a  cer¬ 
tain  amplitude  threshold  level;  the  height  of  the  unblanking  pedestal 
after  amplification  determines  the  amount  of  video  amplification  that 
is  allowed  passage.  For  signals  below  the  threshold  level  the  circuit 
acts  as  a  broad-band  stage;  this  level  is  set  by  the  threshold  control 
available  to  the  operator. 

Monopulse  Resolution  ImDrovorocnt  Unit.  The  MRI  circuit  functions 
to  combine  the  2,  elevation  A,  and  the  azimuth  A  video  signals,  thus 
sharpening  radar  target  returns  by  synthetically  narrowing  the  beamwidth* 

The  inputs  to  the  azimuth  channel  are  the  amplitude  detected  Z 
signal  and  the  azimuth  A  signal.  The  azimuth  A  signal  and  the  Z  signal 
enter  a  differential  amplifier  180  degrees  out  of  phase,  so  the  output 
is  the  result  of  subtracting  the  two  signals.  The  video  signal  thus 
produced  represents  an  improved  resolution  of  the  target  return  which 
is  then  applied  to  a  cathode  follower  and  clipper  and  is  transmitted  to 
the  video  processing  unit  as  the  azimuth  input. 

In  the -elevation  channel,  the  phase-detected  video  (S-curve) 
input  is  amplified  and  two  outputs  arc  provided.  One  goes  through  a 
cathode  follower  to  the  track-whilc-scan  circuitry.  The  other  is  ap¬ 
plied  to  a  paraphase  amplifier  whose  outputs  are  full-wave  rectified 
and  combined  so  that  the  single  resulting  output  is  the  complete  eleva¬ 
tion  A  signal.  This  is  combined  with  the  Z  signal  in  the  MRI  differen¬ 
tial  amplifier.  The  resolution-improved  elevation  return  is  applied  to 
a  cathode  follower  and  clipper  and  is  then  the  elevation  input  to  the 
video  processing  unit. 
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SYNCHRONIZER 

The  synchronizer  (Fig.  41)  provides  the  radar  system  with  basic 
time  references  and  controls,  and  generates  the  range  strobe  line,  the 
range  markers,  the  altitude  markers,  and  the  clearance  line  for  the 
Terrain  Clearance  mode.  The  unit  consists  of  the  range  strobe  genera¬ 
tor,  the  marker  generator,  the  sweap  generator,  and  the  track-while-scan 
circuitry* 


FIG.  41.  Synchronizer. 


RANGE  STROBE  GENERATOR.  A  Pierce  crystal  oscillator  operating  at 
40*457  kc  is  used  for  accurate  timing  control  between  the  modulator 
trigger  pulse  and  the  range  strobe  generator.  The  output  of  the  crystal 
oscillator  goes  to  a  fixcd-peaker  generator  and  to  the  range  resolver* 
The  peaker  generator  produces  an  output  pulse  for  each  input  cycle,  or 
each  2  n.  mi.  The  2-n.  mi.  range  is  further  resolved  by  a  Heecham 
generator  to  an  accuracy  of  10  feet* 

The  PRF  generator  provides  synchronized  timing  trigger  pulses  to 
the  range  strobe  generator,  the  basic  sawtooth  generator,  and  the  modu¬ 
lator  unit*  A  noise  generator  causes  the  PRF  to  jitter  randomly  d;10% 
about  the  preset  frequency  of  the  PRF  generator  in  order  to  provide  a 
degree  of  antijamming  protectiMt* 
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MARKER  GENERATOR.  The  marker  generator  produces  the  2-,  S*,  10- ^ 
or  20-mile  range  markers.  This  unit  also  produces  the  sector  gate  used 
in  the  generation  of  the  clearance  line  for  the  Terrain  Clearance  mode. 
The  sector  gate  synchronizes  the  occurrences  of  the  range  markers  with 
the  beginning  of  the  sweeps. 

The  sweep  generator  unit  consists  of  a  pulse  distribution  unit,  the 
range  gate  unit,  the  basic  saw  generator  and  saw  limit  comparator,  the 
north-eouth  (N-S)  sweep  amplifier,  resolver  drive,  etc.  The  functions 
performed  in  this  circuitry  are  ttoee  concerned  with  generating  and  • 
stabilizing  the  basic  sawtooth  waveform,  and  generating  the  azimuth  and 
range  strobe  lines. 

The  pulse  distribution  unit  receives  the  basic  timing  pulses  from 
other  circuits  in  the  synchroniser  and  changes  their  amplitude  and/or 
polarity  to  make  them  usable  by  the  sweep  generator  and  the  sweep  con¬ 
trol  unit. 

The  saw  generator  produces  a  sawtooth  waveform  that  is  the  basis 
for  generating  all  of  the  display  sweeps.  The  generation  of  the  saw  is 
accomplished  by  a  gated  Hiller  integrator  started  by  the  pretrigger 
pulse.  When  the  voltage  level  of  the  saw  is  compared  with  that  of  the 
output  of  the  range  servo  unit,  it  serves  as  a  voltage-versus-tlme 
reference  that  is  indicative  of  range. 

The  sawtooth  voltage  level  is  compared  with  the  range  voltage  from 
the  range  servo  unit  in  the  range  gate  unit.  When  these  voltage  levels 
coincide ,  one  of  the  pulses  from  the  phase-shifted  string  of  peaker 
pulses  from  the  range  strobe  generator  is  gated  out  and  becomes  the 
range  strobe  line. 

Using  the  basic  sawtooth  waveform  as  an  input ,  the  resolver  drive 
produces  rectangularly  resolved  sweeps  that  are  either  the  vertical, 

N-S,  or  the  horizontal, east-west  (E-H),  component.  The  azimuth  line 
for  the  depressed-center  PPl  display  is  produced  by  collapsing  one  E-H 
sweep  and  generating  the  azimuth  line  during  this  time.  The  azimuth 
line  gate,  using  a  modified  pratrlgger  pulse,  gates  out  a  pulse  that 
disables  the  saw  generator  while  the  azimuth  line  is  generated. 


TRACK-WHILE-SCAN  CIRCUITRY.  During  track-while-scan  operation, 
range  information  is  fed  to  the  radar  from  the  system  computer;  and  by 
continually  positioning  the  antenna  in  depression,  the  radar  furnishes 
the  depression-angle  values*  The  treck-while-scan  circuitry  consists 
of  the  S-curve  generator,  range  strobe  generator,  discriminator  inte¬ 
grator,  mnd  relay  driver. 

When  the  S-curve  crossover  point  and  the  range  strobe  pulse  are  not 
coincident,  the  sensing  unit  transmits  an  error  v^tage  throu|^  an  inte¬ 
grator  to  the  elevatien  serve  to  drive  the  antenna  until  the  two  signals 
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are  in  coincidence.  Once  this  has  been  accomplished,  the  sensing  unit  is 
disabled  and  a  signal  to  the  antenna-positioning  mechanism  is  derived  from 
the  discriminator  integrator. 

The  relay  driver  disables  the  sensing  unit  when  its  error  signal  is 
at  minimum,  and  the  discriminator  transmits  an  error  signal  to  the  inte¬ 
grator.  The  discriminator  network  uses  the  elevation  difference  video 
and  the  range  strobe,  and  continually  repositions  the  antenna  to  bring 
the  range  strobe  pulse  and  the  S-curve  into  coincidence.  A  d.c.  tachom¬ 
eter  damps  antenna  oscillations  by  furnishing  a  signal  (of  proper  polarity) 
proportional  to  antenna  velocity. 


SERVO  UNITS 

Servo  Unit  No.  1  (Fig.  42)  contains  the  azimuth-scan  and  depression- 
scan  programmers,  and  the  switches  and  controls.  Unit  No.  2  (Fig.  43) 
contains  the  servoamplifiers  for  roll  and  pitch  and  azimuth  stabilization. 

In  roll,  the  stabilization  limits  are  ±30  degrees,  and  in  pitch,  +40 
degrees  and  -30  degrees.  The  azimuth  scan  limits  are  ±60  degrees.  For 
the  Terrain  Clearance  mode,  the  antenna  scans  in  depression  from  10  de¬ 
grees  above  to  15  degrees  below  the  LOF  (angle  of  attack).  The  roll  and 
pitch  stabilization  signals  are  received  from  the  stable  platform. 
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FIG.  43.  Servo  Unit  No.  2. 


Azimuth-scan  control  is  accomplished  throuf>h  the  azimuth-scan  pro- 
(^rammer  and  the  servo  and  scan  controller.  The  azimuth-scan  programmeri 
an  integral  part  of  the  azimuth  axis  servo  loopi  programs  the  antenna 
scan  in  azimuth  and  controls  the  scan  width  (abMt  the  center  line 
determined  by  the  azimuth  heading  servo). 

In  the  Altitude  Set  mode,  the  antenna  is  depressed  to  the  mechani¬ 
cal  limit  of  -53  degrees,  and  in  the  Terrain  Clearance  mode,  the  antenna 
scans  from  tlO  to  -15  degrees  in  the  vertical  plane.  The  scan  is  con¬ 
trolled  by  the  depression-scan  programmer,  which  is  a  synchro  driven  by 
a  synchronous  motor. 


CONTROL  UNIT 

The  control  panel  shown  in  Fig.  37  was  built  only  for  use  in  test¬ 
ing  the  experimental  model.  These  controls  and  switching  functions 
would  normally  be  incorporated  into  the  over-all  control  unit  for  the 
bomb-directing  set  of  which  the  radar  is  a  subassembly. 

MODE  and  PRESENTATION  controls  are  on  the  right  third  of  the  control 
panel.  All  of  these  controls  are  for  the  use  of  the  operator,  with  the 
exception  of  the  PILOT  switch.  When  it  is  in  the  NORMAL  position,  single¬ 
scan  operation  is  being  performed  by  the  radar |  when  it  is  in  the  TC 
position,  the  pilot  has  terrain-clearance  information  on  his  indicator 
while  the  navigator  re-views  a  stored  presentation. 
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The  center  portion  of  the  control  panel  contains  the  ranj^e  edge 
MARKER  controls,  TERRAIN  CLEARANCE,  and  RECEIVER  TUNING  controls.  During 
the  time  the  PILOT  switch  is  in  the  TC  position,  the  TERRAIN  CLEARANCE 
controls  will  be  at  the  disposal  of  the  pilot,  since  his  presentation  is 
hot  necessarily  the  same  as  the  navigator's.  Two  toggle  switches  give  a 
choice  of  RHI  or  E-scan  displays,  and  of  10-  or  30-mile  range  scales. 

The  left  third  of  the  control  panel  has  the  TEST  SELECTOR,  VIDEO, 
TRANSMITTER  FREQUENCY,  MRI,  RECEIVER  GAIN,  OAGC,  and  STC  controls. 


RECORDING  STORAGE  UNIT  AND  INDICATORS 

The  units  that  provide  for  the  storage  and  display  of  radar  presenta¬ 
tions  are  the  RSU,  the  navigator's  indicator,  and  the  pilot's  indicator. 
The  presentations  available  are  depressed-center  PPI ,  expanded  PPI  vari¬ 
able  between  10  and  120  n.  mi.,  fixed  (expanded)  PPI  for  10-  or  20-mile 
range  sweeps,  and  either  RHI  or  E-scan  for  the  Terrain  Clearance  mode. 

RECORDING  STORACiE  UNIT.  The  RSU  (Fig.  44)  stores  the  radar  presen¬ 
tations  when  the  Single  Scan  mode  is  used.  This  permits  the  navigator  to 
re-view  a  stored  presentation  while  radar  silence  is  being  maintained  or 
while  the  pilot  is  using  the  Terrain  Clearance  mode.  In  this  mode,  use 
or  the  SS  ACTION  button  turns  the  transmitter— receiver  on  during  one 
scan  of  the  antenna.  The  terrain-clearance  presentation  is  disrupted 
momentarily  when  the  antenna  reverts  to  the  Search  mode  for  one  scan. 


FIG.  44.  Recording  Storage  Unit. 
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but  is  resumed  in  about  four  seconds.  In  the  same  lenf;th  of  time,  the 
new  picture  stored  in  the  RSU  will  be  shown  on  the  navigator's  indica¬ 
tor,  The  recorded  picture  can  be  rewritten  on  the  navipator's  indica¬ 
tor  during  the  next  5-  to  10-minute  interval.  The  length  of  time  the 
picture  is  retained  by  the  RSU  depends  on  the  number  of  times  it  is 
rewritten  on  the  navigator's  indicator. 

The  four  modes  of  operation  of  the  RSU  are  Erase,  Prime ,  Write, 
and  Read,  The  first  three  of  these  accomplish  the  recording  function, 
and  Read  is  considered  the  normal  mode  for  the  unit.  These  modes  are 
controlled  by  relays  in  the  programmer  unit  of  the  RSU, 

NAVIGATOR'S  INDICATOR,  The  navigator's  indicator  (Fig,  45)  uses  a 
conventional  electrostatically  deflected  and  focused  CRT,  type  5FP14A. 

All  circuits  are  conventional  with  the  exception  of  the  sweep  generators, 
which  are  designed  to  interchange  the  N-S  amd  E-W  sweeps  for  the  Search 
and  Terrain  Clearance  modes.  The  navigator's  indicator  was  used  for 
photographic  purposes  during  the  testing  period  and  all  radar  photos 
contained  in  this  report  are  of  this  display  tube. 


FIG,  45,  Navigator's  Indicator, 

PILOT'S  INIOCATOR.  The  pilot's  indicator  (Fig.  46)  uses  a  5-inch, 
direct-view  storage  tube,  type  RCA  6866,  with  associated  circuitry  for 
single-scan  storage  and  erase  functions.  The  tube  has  a  long-persistence 
screen  coating  that  will  retain  an  image  until  erased,  or  for  approxi¬ 
mately  five  minutes.  Time  sharing  of  indicator  functions  is  provided  for. 
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JUNCTION  BOX 


The  primary  function  of  the  junction  box  (Fig*  ^1)  is  the  distribu* 
tion  of  power* 


FIG.  47,  Junction  Box, 
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